Abstract: Meniscal allograft transplantation has been introduced as a treatment for symptomatic meniscus-deficient patients to improve clinical outcomes. We describe an arthroscopic technique for meniscal allograft with soft-tissue fixation including the anterior intermeniscal ligament (AIML): arthroscopic double soft-tissue fixation technique. The AIML and anterior and posterior roots are detached and sutured using running locked Krackow stitches. After preparation of the meniscal bed, the meniscus is passed into the knee and the posterior meniscal horn is fixed with sutures through bone tunnels. The body of the meniscus is fixed with all-inside sutures. Then, the anterior meniscal suture is fixed on the anatomic point of the anterior root with an anchor. The AIML suture is fixed with an anchor to the bare area of the proximal tibia, anterior to the anterior cruciate ligament insertion. This reliable and reproducible technique is less complex than bone plug methods; it is less invasive but still provides stable and secure graft fixation. It will help surgeons to improve clinical results and to limit early secondary extrusion of the graft.
M eniscal tears are the most common knee injury, and their management has changed in recent decades. [1] [2] [3] Smaller meniscal tears are treated by direct repair or partial resection, depending on the location and type of tear. 3 However, large, complex meniscal tears that are unsuitable for repair are usually treated by total meniscectomy, which affects their primary functions of load sharing and shock absorption, as well as their secondary function of knee stabilization, and induces premature arthritic changes. [3] [4] [5] Meniscal allograft transplantation (MAT) has been introduced as a treatment for symptomatic patients after subtotal or total meniscectomy to reduce knee pain and improve clinical outcomes.
1,2,5-10 Successful allograft fixation has been reported using bone block fixation or soft-tissue fixation, although it remains unclear which technique is better. 1, 2, [11] [12] [13] [14] [15] [16] [17] [18] However, graft extrusion after MAT can remain a factor in postoperative failure, and various surgical techniques are still being introduced to reduce extrusion. [19] [20] [21] [22] [23] The anterior intermeniscal ligament (AIML) stabilizes the meniscus mechanically as part of the "meniscal belt." [24] [25] [26] When the AIML was resected in a biomechanical study, mechanical meniscal extrusion was also observed. 24 Therefore, the AIML might help to prevent extrusion after MAT. In this report, we introduce an arthroscopic MAT method with soft-tissue fixation including the AIMLdthe arthroscopic double soft-tissue fixation techniquedthat is a simpler, less invasive procedure than bone plug techniques, and it secures the allograft.
Surgical Technique
Video 1 shows the arthroscopic lateral MAT technique in a right knee with double soft-tissue fixation. Medial MAT can be performed using the same philosophy as lateral MAT.
Step 1: Patient Positioning, Diagnostic Arthroscopy, and Meniscal Remnant Preparation
The surgical procedure is performed with the patient under general or regional anesthesia positioned supine with a tourniquet and a single leg holder. Standard anterolateral and anteromedial portals are made at 90 of knee flexion. For lateral MAT, the knee is positioned in the figure-of-4 position. For medial MAT, the knee is positioned in valgus by the operating or assistant surgeon. Diagnostic arthroscopy is performed systematically, with careful evaluation of concomitant pathology in the MAT compartment. After probing to assess the remaining meniscal tissue, the meniscal rim is prepared using arthroscopic biters and shavers to debride the remaining meniscal tissue, resulting in a stable 1-to 2-mm rim (Fig 1) .
Step 2: Preparation of Meniscal Allograft
The meniscal allograft, which is ordered from a national tissue bank and includes the tibial plateau bone block with all soft tissues, is thawed in normal saline solution. For our technique, the AIML is identified first. Because the AIML is present in 54% to 94% of knees 25 and usually connects the anterior horns of the medial and lateral menisci, 27 it is easily found regardless of type. 24, 27 If the AIML does not clearly connect the menisci, such as in a type 2 AIML, 27 the AIML is sharply excised with the associated soft tissues, including the anterior capsular structure (Table 1) . On the basis of a biomechanical study, we believe that additional fixation of the AIML increases the stability of the transplanted allograft and prevents its early extrusion (Video 1). 24 After the AIML is prepared, the anterior and posterior roots of the meniscal allograft are detached from the bone block, and a running locked Krackow stitch is performed using Ethibond (Ethicon, Somerville, NJ) and FiberWire (Arthrex, Naples, FL) on the AIML and anterior and posterior roots (Fig 2) . The allograft is trimmed to remove unusable edges that could interrupt reduction of the allograft to the stable remaining meniscal tissue, which was prepared in the previous step.
Step 3: Preparation of Posterior Root Tunnel
The tibial tunnel for the posterior root is located in the anatomic position just posterior to the anterior cruciate ligament (ACL) for lateral MAT and just posterior to the medial tibial spine for medial MAT (Fig 3) . The insertion site for the posterior horn is prepared using a shaver until the subchondral bone is exposed. After a 1-cm skin incision is made on the medial tibia, the ACL tibial guide is inserted through the working portal and placed on the posterior-horn insertion site. The tibial tunnel for the posterior root is initially drilled with a Beath pin to confirm the appropriate tunnel location, and it is then overdrilled with a 4.5-mm cannulated drill, with the tip left safely positioned (Fig 3) . A loop of PDS (Ethicon) is passed through the cannulated drill bit and retrieved through the working portal using an arthroscopic grasper (Fig 3) . Arthroscopic meniscal rim preparation is performed using biters and shavers to make a stable 1-to 2-mm rim. The lateral meniscus is shown in a right knee. Step 4: Graft Passage and Placement By use of a loop of PDS suture, a running locked suture in the posterior root of the allograft is passed through the tibial tunnel at the insertion site of the posterior horn. Then, the meniscal allograft is passed through the working portal while pulling the locked sutures and is placed in the knee joint in the correct orientation using a blunt trocar. The posterior-root sutures are secured temporarily over the tibial bone bridge using a Kelly clamp.
Step 5: Graft Suturing
After the size and position of the meniscal allograft are assessed, all-inside meniscal suturing is completed from the posterior horn to the mid body of the meniscal allograft using the Fast-Fix 360 suture system (Smith & Nephew, Andover, MA). Horizontal and additional vertical sutures are used to achieve stable fixation of the meniscal allograft. The additional vertical sutures are placed alternately between the superior and inferior borders of the meniscocapsular junction (Fig 4) . Usually, 6 or 7 stitches are placed.
Step 6: Preparation and Fixation of Anterior Root and AIML of Graft
After the meniscal suture, the AIML suture is passed through the viewing portal whereas the anterior-root suture is left in the working portal. The insertion site for the anterior horn is marked using the ArthroCare system (Smith & Nephew) anterior to the lateral tibial spine and lateral to the ACL for lateral MAT and anterior and medial to the ACL for medial MAT (Fig  5) . The anterior-root suture is fixed with a 4.75-mm SwiveLock anchor (Arthrex) at the insertion site of the anterior root with proper tension (Fig 5) . The insertion site for the anterior root is not debrided using a shaver or burr because of the risk of pulling out the SwiveLock anchor, whereas the posterior-horn insertion site is debrided. After fixation of the anterior root, the AIML suture is fixed with a 4.75-mm SwiveLock anchor to the bare area of the proximal tibia (Fig 5) . This bare area is located on the proximal tibial tuberosity, anterior to the ACL insertion and below the infrapatellar fat pad. The fixation point is based on the length of the AIML in the allograft. This allows supplementary anterior transversal fixation of the graft.
Step 7: Fixation of Posterior Root
After fixation of the anterior root and AIML of the allograft, an EndoButton (Smith & Nephew) is used to fix the posterior-root suture at the entry of the tibial tunnel (Fig 6) . After probing to ensure stable fixation, the skin incision and portals are closed. After surgery, a knee brace is applied, flexion is limited to 90
, and weight bearing is not allowed until 4 weeks.
Discussion
For decades, MAT has been performed in young patients before osteoarthritis develops. 1, 8 However, there are many surgical techniques, especially for root 
fixation,
1 and it is still unclear whether bone fixation or soft-tissue fixation has better clinical and survival outcomes. 1, 2, 8 Biomechanical studies reported potential advantages of bone fixation techniques compared with soft-tissue fixation: lower contact pressure and more secure fixation. [28] [29] [30] However, a recent meta-analysis found no difference between the techniques in terms of outcome scores, allograft tear rates, and procedure failure rates, and a high degree of allograft extrusion is found regardless of the technique.
1,31 Therefore, we believe that, after combined AIML fixation, our technique can achieve better stability than the previous soft-tissue or bone fixation techniques. Because the AIML seemed to stabilize the meniscus in biomechanical studies, [24] [25] [26] our double soft-tissue fixation method can secure the transplanted meniscus and may reduce early extrusion.
Our technique has potential limitations. First, the anatomic variance of the insertion of the AIML, such as type 3, makes the application of this technique difficult. Because there are no connections to the anterior horns of the lateral and medial menisci in type 3 variance, it is hard to use the AIML only as a secondary fixator. To address such situations, we harvest the AIML with the associated soft tissues, including the anterior capsular structure. Second, the length of the AIML depends on the surgeon who harvests the allograft; thus, the fixation point of the AIML might be changed according to the length of the AIML. However, as long as we fix the AIML to the bare area of the proximal tibia, which is relatively broad, we can use this technique with minimum risk even with nominal variance in the length of the AIML. The pearls and pitfalls of our technique are summarized in Table 2 , and advantages and disadvantages are shown in Table 3 . In our experience, this technique is 
